IMPORTANCE Diabetic retinopathy is the leading cause of blindness in working-age adults. Studies have suggested that statins may reduce the risk of developing diabetic retinopathy.
T he increasing prevalence of diabetes has been a global health issue for decades.
1 According to the latest investigation in the Diabetes Atlas, there are 425 million adults with diabetes worldwide.
2 Although newer therapies have increased the life expectancy of patients with diabetes, macrovascular and microvascular complications still cause substantial morbidity. 3 In 2012, the total estimated medical cost for treating patients with diabetes in the United States was $176 billion, and diabetes was especially costly if associated with any complications. 4 Diabetic retinopathy, a leading microvascular complication of diabetes, is the primary cause of blindness in workingage adults. 5 It has been estimated that the number of patients with diabetic retinopathy will reach 191 million globally by 2030. 6 Treatment is required for vision-threatening diabetic retinopathy, which includes severe nonproliferative diabetic retinopathy, proliferative diabetic retinopathy, and diabetic macular edema. 7 Although there are many interventions for vision-threatening diabetic retinopathy, including laser, intravitreal anti-vascular endothelial growth factor (anti-VEGF) injections, and vitrectomy, surgical interventions can only stop or decrease the progression of advanced diabetic retinopathy, and the interventions are associated with complications, such as peripheral vision loss with laser treatment 8 and infection with surgery and anti-VEGF injections. 9 Medical treatment to prevent diabetic retinopathy or slow its progression would be a preferable choice to these interventions. Control of glucose levels, blood pressure, lipid levels, and body weight have been reported to prevent the development of or delay the progression of diabetic retinopathy. 7 The Diabetes Control and Complications Trial 10 and the United Kingdom Prospective Diabetes Study 11 have shown the benefits of intensive control of blood glucose levels for preventing diabetic retinopathy. Therefore, better medical management could not only reduce the complications from diabetes but also decrease the additional cost of subsequent surgical intervention. Since the association between hard exudates and serum cholesterol in patients with diabetic retinopathy was first investigated in 1991, 12 several studies have been conducted to clarify the role of lipid-lowering therapy in controlling diabetic retinopathy. The 2005 Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study first identified the benefit of fenofibrate for decreasing the need for laser treatment in diabetic retinopathy. 13 Then, the Action to Control Cardiovascular Risk in Diabetes-Eye (ACCORD-EYE) studies showed that fenofibrate plus simvastatin, a 3-hydroxy-methylglutaryl coenzyme-A reductase inhibitor, could decrease the progression of diabetic retinopathy compared with simvastatin alone, which, by itself, showed no improvement in this trial vs placebo. 14, 15 In addition, statin therapy alone was associated with reduced risk of development of diabetic macular edema and progression of diabetic retinopathy. 16 Subsequently, a population-based study in Denmark showed that use of statins before receiving a diagnosis of diabetes decreased the cumulative incidence of diabetic retinopathy after diagnosis. 17 However, the effectiveness of regular statin therapy as the primary prevention of the development of retinopathy in patients with diabetes remains uncertain. We conducted this population-based study to explore the association of statin therapy with the prevention of diabetic retinopathy in patients with type 2 diabetes and dyslipidemia.
Methods

Data Source
This population-based study used the National Health Insurance Research Database (NHIRD), which contains longitudinal claims data from medical practices receiving payment from the single-payer Taiwan National Health Insurance. 18 All data from the NHIRD are encrypted and deidentified. This study adhered to the tenets of the Declaration of Helsinki 19 and was approved by the Ethics Institutional Review Board of Chang Gung Memorial Hospital (201800199B1), which waived the requirement to obtain informed consent because the data were deidentified.
Patient Enrollment and Exclusion Criteria
From January 1, 1998, to December 31, 2013, we identified patients with a diagnosis of any type of diabetes using International Classification of Diseases, Ninth Revision, Clinical Modification code 250 combined with a prescription for glucoselowering agents (Figure 1) . The accuracy of a diagnosis of diabetes has been validated in previous NHIRD studies. 20 Eligible patients were those 40 years of age or older with a diagnosis of type 2 diabetes. We divided patients into those taking statins and those not taking statins. The index date for the statin group was the day of the first statin prescription. To minimize immortal time bias, the index date for the nonstatin group was assigned as the date on which prescription medication was prescribed for the randomly matched statin group. 21 Exclusion criteria (before the index date) were (1) a serum lowdensity lipoprotein cholesterol (LDL-C) level of less than 100 mg/dL (to convert to millimoles per liter, multiply by 0.0259) or a serum total cholesterol level of less than 160 mg/dL (to convert to millimoles per liter, multiply by 0.0259), (2) any statin use 3 months before the index date, (3) previously documented retinal disorder (including diabetic retinopathy, retinal vascular occlusion, separation of retinal layers, retinal degeneration, and chorioretinal inflammations) or receipt of vitreoretinal interventions (including laser treatment, intravitreal injection, scleral buckling, and vitrectomy), and (4) liver cirrhosis, which may cause safety concerns that could preclude use of statins.
Guaranteed Statin and No Statin Exposure Time
We defined the first year after the index date as the exposure period to measure the medication possession rate for the statin. A medication possession rate of 80% or higher was required for the statin group, and a medication possession rate of 0% was required for the nonstatin groups. Participants were not eligible if they used a nonstatin lipid-lowering medication during the statin exposure period (Figure 1 ). To ensure sufficient statin exposure, patients who either died or experienced primary or secondary outcomes during the statin and nonstatin exposure periods were excluded. Statin frequency and dosage were obtained, and the intensity for each statin was calculated as low, moderate, or high intensity according to the 2013 American College of Cardiology/American Heart Association guideline. 22 Rosuvastatin calcium and pravastatin sodium were classified as hydrophilic statins, and atorvastatin calcium, simvastatin, fluvastatin sodium, lovastatin, and pitavastatin calcium were classified as lipophilic statins.
Outcome Definitions
The outcomes and complications were defined as an outpatient diagnosis listed on 3 or more visits or a 1-time inpatient diagnosis after the exposure period. Nonproliferative and proliferative diabetic retinopathy and diabetic macular edema were identified. We classified complications of diabetic retinopa- thy, including vitreous hemorrhage and tractional retinal detachment. In addition, we identified the rate and number of interventions for vision-threatening diabetic retinopathy, including retinal laser treatment, intravitreal injection, and vitrectomy. Safety outcomes between the study cohorts included major adverse cardiovascular events (ie, myocardial infarction, heart failure, and ischemic stroke), de novo hemodialysis, and diabetic neuropathy and diabetic foot ulcers. Established major adverse cardiovascular events required a principal diagnosis in an emergency department or during inpatient visits, and its validation in the NHIRD was performed in previous studies.
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Covariate Assessment
We ascertained comorbidities using the same method as for the outcomes. Study comorbidities included hypertension, heart diseases, ischemic stroke, chronic kidney disease, hemodialysis, and peripheral arterial disease. Diabetic severity was assessed using duration of diabetes, diabetic neuropathy, diabetic foot ulcers, and amputation, as well as use of glucose-lowering medications. Duration of diabetes was measured based on the first diagnosis of diabetes in the NHIRD that could be tracked to March 1995. Taking medication for more than 90 days within 1 year before and after the index date was required for confirmation of drug use. The Charlson Comorbidity Index score was recorded. 26 eTable 1 in the Supplement provides details on the codes regarding the disease, and eTable 2 in the Supplement provides details on medications.
Statistical Analysis
Statistical analysis was performed from May 1 to 31, 2018. To compare the statin and nonstatin groups, we performed propensity score matching. The propensity score was the predicted probability of being in the statin group given the values of covariates. These covariates included all variables listed in Table 1 and the index date (eFigure 2 in the Supplement). Each patient in the statin group was matched with a counterpart in the nonstatin group to achieve minimal bias. 27 We adopted an algorithm of greedy nearest neighbor matching and set the caliper width to 0.2 times the logit of the SD of the propensity score. An absolute standardized mean difference of less than 0.1 between the 2 groups after propensity score matching was considered well balanced. The cumulative incidence of follow-up outcomes was generated; a comparison between the 2 groups was made using a subdistribution hazard model in which death was considered a competing risk. The definition of death in the NHIRD was described previously.
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The mean number of surgical interventions during follow-up between the 2 groups was compared using a Poisson model in which the logarithm of the follow-up duration was treated as an offset variable. In a subgroup analysis of statin users who were prescribed different statin intensities, the linear trend of the risk of diabetic retinopathy was tested across intensity groups (low, moderate, and high) using a subdistribution hazard model. Likewise, the dose-dependent outcome across statin groups for adherence (medication possession rate, 0%, <80%, and ≥80%) on the risk of diabetic retinopathy was tested using a linear trend test. All P values were from 2-sided tests, and results were deemed statistically significant at P < .05; the 95% CI did not include 1. Statistical analysis including propensity score matching was conducted using SAS, version 9.4 (SAS Institute Inc).
Results
Participants
From January 1, 1998, to December 31, 2013, a total of 1 689 841 patients received a diagnosis of any type of diabetes (1 648 305 with type 2 diabetes) ( Figure 1 ). After applying the exclusion criteria, we selected a total of 219 359 patients, of whom 199 760 were in the statin group and 19 599 were in the nonstatin group. Finally, after propensity score matching, 18 947 patients were analyzed in each group. Table 1 shows the demographics and clinical characteristics of the study participants after propensity score matching. The mean follow-up time after matching was 7.6 years in the statin group and 7.3 years in the nonstatin group. After matching, 17 028 of the patients were men and 20 866 were women, with a mean (SD) age of 61.3 (10.9) years. A total of 2335 patients in the statin group (12.3%) and 2245 patients in the nonstatin group (11.8%) were administered insulin therapy for diabetes. The leading comorbidity was hypertension (statin group, 8476 [44.7%] and nonstatin group, 8149 [43.0%]). The mean (SD) Charlson Comorbidity Index score was 1.6 (1.4) in the statin group and 1.6 (1.5) in the nonstatin group. All standardized mean difference values were less than 0.1, indicating a wellbalanced study population between the 2 groups regarding characteristics. The characteristics before propensity score matching are provided in eTable 3 in the Supplement.
Characteristics of the Study Cohort
Study Outcomes
The outcomes analyzed in our study are listed in Table 2 , and the cumulative incidence of diabetic retinopathy and retinal laser treatment are presented in Figure 2 . 
Statin Intensity
A subgroup analysis of the association of statin intensity with diabetic retinopathy was performed using the cohort before propensity score matching (n = 199 760) (eTable 4 in the Supplement), as was a subgroup analysis of the association of statin intensity with the cumulative incidence of diabetic retinopathy (eFigure 1 in the Supplement). A graded correlation was found between intensity of statin therapy and diabetic retinopathy, with an overall rate of diabetic retinopathy of 13.4% for patients administered low-intensity statin therapy, 6.0% for patients administered moderate-intensity statin therapy, and 3.4% for patients administered high-intensity statin therapy (P < .001 for linear trend). The dose-dependent outcome for adherence across statin groups is shown in Figure 3 ; higher statin adherence was associated with a lower cumulative risk of diabetic retinopathy (unadjusted event rate: nonstatin group, 12.3%; those with a medication possession rate <80%, 10.1%; and those with a medication possession rate ≥80%, 7.1%; P < .001 for trend for the competing risk model).
Discussion
This study investigated the association of statins with the prevention of diabetic retinopathy in a Taiwanese patient population with type 2 diabetes and dyslipidemia. We found that statin use in patients with diabetes was associated with a decreased prevalence of diabetic retinopathy and a lower need In our study, we found that statin use was associated with a lower risk of diabetic retinopathy in patients with type 2 diabetes and dyslipidemia. Statin therapy could delay and avert the development of diabetic retinopathy compared with patients not administered statin therapy, as statin users had a lower incidence of nonproliferative diabetic retinopathy. In vision-threatening diabetic retinopathy, statin users had not only a lower incidence of proliferative diabetic retinopathy but also a lower rate of complications associated with diabetic retinopathy and fewer interventions, including retinal laser treatments, intravitreal injections, and vitrectomies. Furthermore, the association seen between statins and a lower incidence of diabetic retinopathy was more significant with higher-intensity statin therapy and better efficacy of LDL-C reduction. 30 We found that statins could delay all stages of diabetic retinopathy and decrease the number of invasive procedures needed; this finding was associated with the intensity and duration of statin use. According to the ACCORD-EYE studies, the addition of fenofibrate to simvastatin was associated with a slower progression of diabetic retinopathy compared with simvastatin alone. 14, 15 In our study, we found that statin therapy alone was associated with a reduced risk of diabetic retinopathy compared with the nonstatin group (10.6% vs 12.0%). Our finding could expand the conclusion from the ACCORD-EYE study 14, 15 that the group receiving statins and fenofibrate had the lowest risk of diabetic retinopathy (6.5% in the ACCORD-EYE study), followed by the group receiving statins alone (10.6% in our study and 10.2% in the ACCORD-EYE study) and the nonstatin group (12.0% in our study). Compared with the ACCORD-EYE studies, our study used data from the clinical practice setting with all types of statins. Our study and the ACCORD-EYE study could offer medical strategies to reduce the risk of diabetic retinopathy. Statin therapy was reported to reduce all-cause mortality and composite cardiovascular disease end points that were attributed to a reduction in total cholesterol and LDL-C. 31 Statins have pleiotropic effects, including improving endothelial function, and anti-inflammatory, antioxidation, and antithrombotic effects along with lipid-lowering abilities. 32 Moreover, Tuuminen et al 33 found lower intravitreal levels of proangio- genic factors, angiopoietin 2, VEGF, fibrotic factors, matrix metalloproteinase 9, and transforming growth factor β1 in patients with diabetic retinopathy who were treated with simvastatin compared with controls who did not receive a statin. The aforementioned effects of statins seem to prevent the development of diabetic retinopathy, including improving endothelial function and inhibiting fibrotic proliferation, inflammation, oxidative stress, and VEGF-associated angiogenesis. 34 Those mechanisms could provide reasons for the efficacy of statin therapy for the prevention of diabetic retinopathy in our study. In addition to statin intensity, adherence to statins was associated with the prevention of diabetic retinopathy. Lower adherence to statins was reported to be associated with increased risks of cardiovascular diseases. 35 In our study, lower adherence to statins was associated with an increased risk of diabetic retinopathy. As for safety outcomes, a meta-analysis of clinical studies demonstrated the beneficial outcomes of statins on reducing cardiovascular events. 31 Our study also found that those in the statin group experienced additional benefits regarding the prevention of major adverse cardiovascular events, de novo hemodialysis, and the development of diabetic neuropathy and diabetic foot ulcers.
Limitations
There were some limitations to this study. First, data on the participants' serum lipid profiles were not available in the NHIRD, so we were unable to ensure that lipid levels had in fact been lowered. However, the Taiwanese National Health Insurance program has regulations regarding reimbursement for lipid-lowering therapy. Reimbursement for lipidlowering agents is granted only to patients with diabetes and a serum LDL-C level of 100 mg/dL or more or a serum total cholesterol level of 160 mg/dL or more. This regulation could make the inclusion of dyslipidemia robust. Second, we were unable to obtain biomarker values regarding blood pressure and serum glucose levels. Nevertheless, medications for hypertension and glycemic control were matched in the 2 groups. Theoretically, the blood pressure values and serum glucose levels in the 2 groups were similar. Third, the NHIRD lacks information on eye laterality, so it is unclear if 1 eye or both eyes were similarly affected or treated. Diabetic retinopathy is a systemic vascular complication of diabetes that would generally involve both eyes simultaneously. 34 Identification of diabetic retinopathy, rather than localization of a diseased eye, was the main concern in this study. Fourth, the study involved an Asian population, so these data may or may not be applicable to other populations, although statin use for the prevention of cardiovascular events is strongly recommended for many different populations. 31 Last, we used strict inclusion and exclusion criteria and propensity score-matched the 2 groups, but some bias may not be eliminated entirely because of the study's retrospective nature. However, our study could provide meaningful results regarding the association between statin use and diabetic retinopathy in an Asian population.
Conclusions
For patients with type 2 diabetes and dyslipidemia, statin therapy was associated with a decreased risk of diabetic retinopathy. Statin therapy could also retard the progression of vision-threatening diabetic retinopathy and reduce the number of subsequent retinal laser treatments, intravitreal injections, and vitrectomies. All diabetic retinopathy in the nonstatin group and in the statin group with a medication possession rate (MPR) of lower than 80% and in the statin group with an MPR of 80% or higher. P < .001 for trend of competing risk model. The P values were derived from two separate models in the same column of the table, there were three P values at total in which 2 were from the first model and 1 was from the second model (the latter one was P trend). c 26 868 patients were excluded because of a switch among low-intensity, moderateintensity, and high-intensity statin. The intensity of statin was treated as a continuous variable in which the coding of low-, moderate-, and high-intensity was 1, 2, and 3 respectively.
